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» DO organization and FNAL DO group.
* Physics topics.
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€
The DO Collaboration L.

 The current DO masthead.

— 600 names
— 81 institutions (one of which is FNAL).

 The FNAL DO group.

— 54 names (9% of DO collaboration).
* 42 Particle Physics Division.
* 9 Computing Division.
* 3 other.

— FNAL group is the largest institutional group in DO
(by far).
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DO Physics Organization W

Spokespeople | [1/2 outgor

. . going

Convener change Aug. 2007 2 Dmitri Denisov 1/2 incoming
Darien Wood

Physics Coordinators
g Aurelio Juste
Stefan Soldner-Rembold

0/2 outgoing
1/2 incoming

|
/ Physics Groups\ / Working Groups\ [Editorial Boards}

Higgs Jet Energy Scale EB1-EB37
Top Quark Common Samples
Electroweak Luminosity 4/36
New Phenomena V+jets
QCD Trigger Board
k Heavy Flavor / k Trigger Studies /
2/13 outgoing 3/10 outgoing
0/14 incoming 2/12 incoming
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DO Luminosity History W
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Jet Energy Scale

JES Uncertainty
« Match energy scale of S
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QCD W

Jets.

2¢(D. Lincoln)
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dijet production @ 1.96 TeV
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Inclusive Jets B
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DO B Physics

het

Flavor oscillation & CPV.

2= (S. Burdin, A. Nomerotski, M.
Naimudden).

Lifetimes.
Branching ratios.
Spectroscopy.

Rare decays
4= (B. Casey).
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B, Mixing

T
L. 2

* Four B, decay modes with OS and SS flavor tagging.

Combined
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Electroweak Diboson Production L. 2

q W= i WwE

7 Z 7 z

« The Standard Model makes nontrivial and
unambiguous predictions for trilinear gauge
couplings.

« TGC couplings probed by diboson production.
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DO Diboson Results B

» Tevatron and DO have an illustrious history of
diboson results over the years.

* DO Diboson Group has been led by FNAL
physicists for many years (T. Diehl, A. Lyon).
* Recent results:

JE
D

JE
D

Rt
Lt

¢
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WZ Cross Section

« WZ - eee, ee|, Hupe, HUM.
« Counting experiment results (1 fb™).
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WZ Anomalous Couplings B
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ZZ Cross Section

ZZ - eeee, eell, HHUUH.

Counting experiment
results (1 fb™).

— 1 eepu event observed,
(0.17 £ 0.04 background).

— 0<43pb @ 95% CL
— SM predicts 0 =1.6 pb (1.7
events expected).

Consistent with SM. w0
+ AC limits available shortly. &% & " Lo

p
particle et: 66.
M . 28. 6 mu particle et: 25.86
em particle et: 32.16

Run 208854 Evt 35162371
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Top Quark Mass in Lepton + Jets

T
L. 2

* The top quark mass is
overconstrained in |+jets
channel.

— With and without b-tagging.

 Matrix element method.

— Calculate probability Am,,,,JES)
for each candidate event.
« JES=jet energy scale factor.

— Includes internal (W mass)
and external JES constraint.

— Combine probabilities from all
events.

Top Pair Branching Fractions

"alljets" 44%

tHets 15%

1%
o 2%
Yo 2l
T J\“o

;o L+ 9
L+jets 15%
\-‘**\g\-c ?']\%1'0
oxe

otjets 15%

"dileptons"” "lepton+jets™
I
W \Y
q f A
I b
~ . b
q 4
w- q’
q
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Matrix

het

Element Top Mass Results

e+jets H+jets
Calibrated 2D Likelihood Calibrated 2D Likelihood
DO Runll Preliminary DO Runll Preliminary
o - i 11
1.08 —f 1.08 —;
1 _ 1.04 -
1.02 1.02
13 1
0.98 0.98
0.96 0.96
0.94 —: 0.94
0. 92 —
150 155 160 155 170 175 180 1865 v 145 150 155 160 165 170 175 180 185 190
M, (GeV) M, (GeV)

mtop

=170.5+2.4(stat+JES)+1.4(syst) GeV.

* FNAL physicists
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Top Quark Mass Summary #

(Gutierrez, Wang)

DO Runll .- preliminary Summer 2007

I+jets (matrix element, b-tagged) * 170.5 :24 +1.2 GeV
910 pb™

170.5 225 1.4 GeV

(Gutierrez, Wang)
(M. Weber)

(Gutierrez, Wang)

I+jets (matrix element, topological) *
910 pb™’

173.7 44 *21 Gev

|+jet5 (ideogram, b-tagged, topo) —4.4 2.0

420 pb_1 (Phys. Rev. D)

170.3 +4.1 +1.2 Gev

I+jets (matrix element, b-tagged) 45 -1.8

@
H@H
—@—i
.
370 pb™' (Phys. Rev. D)
|+jetS (matrix element, topological) H—e— 169.2 :;2 ::: GeV
H—e—H
H—e—H

g A% £ £ &

(Gutierrez, Wang)
370 pb™" (Phys. Rev. D)

Il (neutrino weighting, topo) NEW * 172.5 158 35 GeV

1050 pb™"

Il (matrix weighting, topo) NEW * 175.2 6.1 3.4 GeV
1050 pb™’

Il combination (nuand matrix)y NEW * H—e—H 173.7 5.4 3.4 GeV
1050 pb™

Il combination (neutrino and matrix) H—e——H 178.1 6.7 4.8 GeV
370 pb™" (Phys. Lett. B)

I+jets & Il combination (august2007) H@®H 1721 15 1.9 GeV
1fb~"

World average (march 2007) Hell 170.9 1.1 +1.5GeV

1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
140 160 180 200

Top Quark Mass [GeV]
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L. !
Single Top Quark Production ™

 Directly probe weak couplings of top quark.

* One of DO’s physics highlights from the past
year is first evidence (3.40) for single top
production.

* DO has a large and active single top physics
subgroup including FNAL physicists.

September 26, 2007 H. Greenlee, DOE Annual Review 19




!
Single Top Analyses W

* DO has used three different methods to
search for single top production.

% (A. Juste)

« Each method is a different way of
constructing a multivariate discriminant.
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L. !
Single Top Matrix Element e

» Matrix element uses analytic multivariate discriminant
of the form:

})si na (X) 1 dU
ena’ where P(x)=——+

I)signal (X) + I)background ('x ) 0-, dX

D(x) =

» Eight channels: e,u + 2,3 jets + 1,2 b-tags.
« Separate discriminants for s-channel and t-channel.

» Cross section obtained by fitting distribution of
discriminants in the different channels to a
combination of signal and background.
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Single Top Results W

Matrix Element Resulis

D@ Run Il Preliminary L=0.9fb" D@ Run Il Preliminary L=0.9fb"
Qcp (] a2
[= [
o o 120 o 220
W lightjets 3 s-channel @ 200 t-channel
Wecce + jets 100 180
160
Wbb + jets

140
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100
80
60

tt > lep + jets

tt — dilepton

signal: tb

UARNERE

40
signal: tqb — 20

% 01 02 03 04 05 06 07 08 09 1 % 01 02 03 04 05 06 07 08 09 1
DATA

s-Disc Combined 2Jet t-Disc Combined 2Jet

ME method: o,=4.8"15pb (3.2 0).
Combined (3 methods): ,= 4.7+1.3 pb (3.6 0).
« SM prediction (s+t): o,= 2.9 pb.
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Higgs Physics

T
L. 2

—_

* Higgs Channels.

Cross Section (pb)

=]
=

- WH, ZH.2&(W. Fisher, A.
Juste, S. Fu, T. Yasuda)

« H-WW.
« Combination.g&W. Fisher)
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o
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« SUSY/high tan .
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!
D0 SM Higgs Results b

WH - ebb, pubb (1.7 fb~1). £&(W. Fisher, A.
Juste)

ZH - eebb, pubb, vwbb (1.1 fb~1). £&(S. Fu,
T. Yasuda)

« WH - WWW_ 7+ + X (1.0 fb™).

« H- WW - ee, ey, uu (1.7 fb).

« H - WW - ut (1.0 fb™1).

DO Combined limit. g&(W. Fisher)

« Tevatron Combined limit. 2&(W. Fisher)
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ZH - //bb

» Select events with two e,, two jets, and 1 or 2 b-tags.
* Next step is 10-variable neural network.

3
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ZH _ ¢¢/bb Result B

 Limit on Higgs cross section obtained from fit
of entire NN histogram.

100

= Observed Limit
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S 3
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N
e
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Higgs Combination W

 Best limit or discovery potential for Higgs will
require combining all available information

from all possible Higgs channels.

 Current DO combination includes information
from 23 channels and subchannels.
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T
Combination Method L. 2

 Input from each channel consists of a “final
histogram” (often a NN histogram).

* For each bin, calculate “log-likelihood-ratio” (LLR) of
Poisson probability of signal+background compared
to background.

LLR; = _210g[Ps+b (ni)/Pb(ni)]
* Find global LLR as sum over all channels and bins.

LLR=) LLR
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€
CLs Method e

* For any given experimental outcome,
calculate CL from expected LLR distribution.
- CL, =P,(LLR < LLR_,,).
n CLs+b(0H’ mH) - I:)s+b(|-|—R = LLRobsch’ mH)-
— P(LLR) takes into account statistical and

(correlated) systematic error fluctuations.

« CLs (modified frequentist) method.
— Define CL (oy, my) = CL,,(0y, my) / CL,.
— 95% CL limit obtained by requiring CL, > 0.05.

« For comparison, pure frequentist result would
maximize or limit CL,, only.
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Higgs Combined Limit

Higgs Limit (SM ratio) LLR Plot
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€
Editorial Boards e 2

« Each physics analysis is assigned to an editorial board.

- EBs review physics analyses and papers.
— An unglamorous task that improves the quality of the final product.

« EBs chaired by FNAL scientists.
— EB 010 (D. Lincoln)
« Top quark pairs to all jets.
— EB 023/ EB 028 (G. Fisk)
* B spectroscopy.
— EB 027 (R. Lipton)
» B lifetimes.
— EB 034 (D. Elvira)
« Jet energy scale.

September 26, 2007 H. Greenlee, DOE Annual Review 31



JC
Summary W

« DO is running well and collecting data with
ever higher integrated luminosity.

* Fermilab scientists play significant and
leading roles in DO physics management and
individual physics topics.
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Backup Slides
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Zy Cross Section and AC

T
L. 2

* Zy-eey, hyy (Er, > 7 GeV).
« Counting experiment ( fb).

Photon E;

E e Z(y) > lydata D 1fb™

L e Z+jet background
= £ Z(y) - Iy SM MC(h! =0, =0) + (Z+jet)
..... Z(y) - Iy MC(h_ =-0.18,h; =0.016) + (Z+jet)

10 ; ... e l .............
- NS g I
K e o~ -
0.02 0.02 1 £ e
i 10" =
0.00 0.00 b
- N 10—2 I | I 1 1 L | I . L L
_______________ 100 200 300
__________________________________________ [ E; [GeV]
-0.02}"""" -0.02-
| | | | i T | | !
0.2 0.0 0.2 -0.2 0.0 0.2
Z
h;o h30
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L
Wy Radiation Zero W

Wy > evy, uvy.
« The Wy differential cross section exhibits a “radiation

zero” — a dip in the An distribution between the
photon and the lepton — due to interference effects.

* The radiation zero can be obscured by resolution
smearing and background, as well as by anomalous
couplings.

Standard Model MC

Anomalous Coupling MC: k=-1, A=0

3 4 5
(Lepton Charge)*(n-n)
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Wy Results

Combined Channel

Combined Channel
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« Consistent with SM
- Bimodal hypothesis
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hypothesis at 20 level. o
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